The integrated cross section for the incoherent photoproduction of vector mesons on nuclei γ * A → V X, X = A, is calculated within Glauber theory and as a function of the photon energy. The inverse of the longitudinal momentum transfer is called coherence length l c and depends on the virtuality and the energy of the photon. Nuclear transmission factors strongly depend on l c /R A (R A is the nuclear radius) and this effect may interfere with the search for color transparency effects.
With the help of the new powerful accelerators like CEBAF and HERA, which produce high energy (real or virtual) photons, the investigation of the hadronic processes inside nuclei (like color transparency, for example) will make substantial progress. Photons are particularly suitable for these studies since the production vertex for hadronic probes inside nuclei is well known and the analysis of the results is simpler and more reliable. In this note we treat the photoproduction of vector mesons inside nuclei and their rescattering via strong interactions within Glauber multiple scattering theory [1] . This is a simple problem treated by a conventional well accepted method. Yet, interference effects, which have not been treated before lead to a non-trivial energy-and Q 2 -dependence of the production cross section and to unexpected phenomena. Any search for unconventional effects, like color transparency, should should refer to our calculations as a base line.
We study the incoherent photoproduction of a vector meson V on a nucleus A, γ * A → V X, where X is any state of the target nucleus except the ground state |0 . The transition operator is given in eikonal form as
where { s j , z j } denote the coordinates of the target nucleon N j . Γ γV N is the vector meson photoproduction amplitude on a nucleon, while Γ V V N describes the elastic scattering amplitude for the vector meson on a nucleon. The Θ-function allows vector meson rescattering only on those nucleons k, which lie "behind" the production point, i.e. z k > z j . The momentum q L , which appears in the phase factor in eq. (1) is the difference between the longitudinal momenta of the photon and of the produced vector meson
The quantity q L , which depends on the energy ν and the virtuality Q 2 of the photon plays the central role in our consideration. Its inverse l c = 1/q L is called the coherence length.
Because of the phase factor in eq. (1), the photon production amplitude on two nucleons with positions |z i − z f | < l c add up coherently, otherwise there is destructive interference.
The incoherent cross section for the production of a vector meson with transverse momentum p T V in a reaction, where the nuclear state changes from |0 to |f (f = 0) is given in Glauber theory by
from which one obtains the total incoherent cross section σ γV inc by integrating over p T V and summing over all final states |f with the exclusion of the ground state:
We introduce the simplifying assumption
where λ V is a constant, which equals to e/f V in the vector dominance model. Eq. (5) 
Furthermore, the nuclear wave function |0 is assumed to be a product of single particle wave functions and to be completely described by the density distribution ρ( r), which is normalized to A. In order to bring out the essential effects, which are associated with the coherence length l c = 1/q L , we evaluate the incoherent cross section eq. (4) for two limiting cases, q L → 0 (high energy) and q L → ∞ (low energy), before we give the exact expression.
For both limiting cases simple analytical formulae can be derived.
In the high energy limit, q L → 0, the phase factor exp(iq L z) can be dropped in eq. (1), and after some algebra one finds
where Γ
V V
A is the Glauber amplitude for the scattering of the vector meson V by the nucleus A. Using eqs. (4), (6) and (7), the incoherent cross section can be evaluated to give
where
is the nuclear thickness function, and σ
el . Note that eq. (8) has, up to the factor λ 2 V , the same form as the expression (see in [3] ) for the cross section of quasielastic scattering of a hadron (V ) on a nucleus. In the low energy limit,
A (R A being the nuclear radius) all expressions which explicitly contain the phase factor go to zero, e.g.
Γ
In the expression
all terms with i = j do not contribute to the matrix element and one is left with
The low and high energy limits, eqs. (11) and (8), respectively, were derived also in [4] .
In order to expose the difference between these expressions we consider the case where the elastic V N cross section is small σ V N el T (b) ≪ 1. Then we find
is the photoproduction cross section on a nucleon. The two limiting cases, for low and high energies, respectively, differ in the attenuation factors. The integration in eq. (12) goes over all points (b, z) for the photoproduction vertex γ * N → V N.
In the low energy limit, the attenuation of the outgoing vector meson is governed by the The general expression for the incoherent photoproduction cross section on a nucleus can be also calculated from the expression eq. (4). The result is a somewhat lengthy expression
where the last term in the curly brakets is the cross section for coherent production γA → V A [2] . Formula (13) for incoherent photoproduction is new and is the main result of the present paper.
In the two limits q L → 0 and q L → ∞ formula(13) leads to expressions (8) and (11), respectively, as it should be. As an illustration we show numerical examples for the effect of the coherence length. We calculate the nuclear transmission function T r γV (q L , A), which is defined by
for 
The half value between the low and high energy limits is reached for (q L · R A ) ≃ 1.5,
Although eq. (13) can be evaluated numerically in a rather straightforward way, as is done for Fig. 1 , we have also looked for approximate expressions for the nuclear transparency.
In the limit of small attenuation, σ
where F A is the nuclear formfactor
and
is the mean nuclear thickness. For q L R A ≫ 1 (low energy) one has F A → 0, but
q L R A ≪ 1 (high energy). The corresponding transparencies differ by a factor of two in the second term in the square brackets in eq. (16). The approximate formulae may be good for J/ψ photoproduction as it was suggested in [6] , but fails for the ρ-meson.
We have presented a fully quantum mechanical derivation for the incoherent photonproduction of vector mesons off nuclei using Glauber's formalism of multiple scattering theory.
Strong energy and Q 2 dependencies are predicted, which arise from interference effects, which essentially depend on the coherence length l c = 1/q L . For low energies, l c → 0, one recovers the classical picture of a vector meson produced inside the nucleus and attenuated on its way out. In the other limit of high energies, l c → ∞, the incoming photon is already a virtual vector meson and thus experiences attenuation before it converts to the on-shell
meson. This strong dependence on q L leads to a rising Q 2 -dependence at fixed energy (see examples in [5] ) and has to be accounted for before one may look for effects like color transparency.
